(Waves)

(Wave Motion) : 1-12
C )
()
( )

(mechanical waves)

(electromagnetic waves)
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2-12
(1-12)
( 1-12)
S
C B A
( ) S -1
( 2-12) (1-12) S A
C B A -2
S
( )

() 0
(1-12)
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( ) -3
( .. cCc B A )

( 2-12) (transverse wave)

.(longitudinal waves)

(Wave Equation) 3-12
S
(1-12) Ys = Asinot
f T 10}
(2-12) wzQT”:27rf
(2-12) p
S X
(3-12) y, =Asino(t -t
v
p S
(4-12) =2
v
[(3-12)
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(5-12)

(6-12)

(7-12)

(8-12)

(9-12)

UYs

. 27x
y, = Asin(wt - U—T)

(wavelength)

A=vT

/ p,

/Iyp

(2-12)

(wave number)

k27
A

Y, = Asin(wt — kx)

vT

(2-12)

27f A

:(6-12)

(9-12)
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y = Asin(wt + ¢)

(ot + @)
Yys = Asinot Y, = Asin(wt — kx) X
(phase difference) kx
)
7 (
.(in phase)
7 kx ( )

.(out of phase)

—A; A
X xi
(10-12) y, = Asin(wt — kx,)
(11-12) Y, = Asin(wt - kx,)
(13-12) A¢g =k(x, —x1)=kAx=27”Ax
(14-12) A¢p =2nrn n=0,12,-
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(15-12) Ax =nA
Ap=02n+1)r
(16-12) Ax=(2n+1)g

.Ys =2sinSxt cm

()
5 m () 30m/s
A=2cm
®
=—=25H
s 2 z
T:i:0.4s
S
Aol —k=2F_27
vT
k=2
v
.k=0.52 m™

1-12

() :

w=>5r rad/s

()

()

()

()
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Y, = Asin(wt — kx) = 2sin(57zt - 2.6)

A¢g=2.6 rad ()
4-12
-1
T Al
(3-12) v

OTsin@ ~ 2T ~ 2T(Al/2) = TAL /2
mv'/r
TAL/2=mv* [r = pAlW® |7

P m=pAl

(17-12) v |E
Yo
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2-12
200 1 cm 10 N 0.5 m
S0g
p=m/l=50x10"kg/0.5m=0.1 kg/m
v=1/p/T =(10N)/(0.1 kg/m’) =10 m/s
T=1/f
A=vT =(10 m/s)(0.005 s)=0.05 m
v=1Jp/T =(20N)/(0.1 kg/m®) =14.1 m/s
-2
(18-12) v |B
yo,
(bulk modulus) B
Vel
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(19-12)

(20-12)

¥ Py

303

Yol
p 4
Y
v= &
o)
P Y
1-12
(m/s) (m/s)
1190 331 [(09)
3810 343 |20 9)
5000 1330
5170 1486
5200 1519
5-12
(4-12) T .Fv
Al
oy

Ty =-Tsin@~Ttanf =-T—=
ox

0y /ox



oy /ot
p=Fv=-T0y/0ox)(y /ot

X t Yy = Asin(wt - kx)

p = A’k cos’ (ot — kx)

Doy =+ A’kaT

T=pv’=pA°f° k=27r/2 w=2rf

(21-12) Do, =27°A% f?pv
(Superposition) : 6-12
( )
Y1ty Yo Y1
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y, = Asin(ot — kx)

Y, = Asin(ot — kx — )

Yr =Y, + Y, = Asin(wt — kx)+ Asin(ot — kx — ¢9)

sina +sin = 231n(a+ﬂ)cos(a;’3)
(21-12) Y, =[2Acos(¢/2)]sin(wt —kx — ¢ /2)
(22-12) Yr = A, sin(et —kx-¢/2)
(23-12) A_.. =2Acos(¢/2)

¢
n ¢=2nr
(5-12)
¢=02n+1)x

(5-12)
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3-12
y Yy, =3sin(Szt-n/3) y, =3sindxt
.10 m/s
x=4.5m x=2m
X
Y, = 3sin(5xt - kx)
Y, =3sin(dzt —kx -7 /3)
Y, =6cos(z /6)sin(dz —kx - /6)=5.1sin(57 —kx — 7 / 6)
A
w=5r=27rf = f=2.5Hz
v=Af = A=v/f=4m
2r
Ag = k(x, —x2)=7Ax:1.257r rad
(Standing Waves) 7-12

.(standing waves)
(pulse)
(6-12)
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(6-12)

(7-12)

(7-12) (6-12)

Yy, = Asin(wt — kx)

Y, = —Asin(ot + kx)

(24-12) Yr =Y, + Y, = Alsin(wt - kx) - sin(wt + kx)]

sinag -sinf = ZSin(a;ﬁ)cos(a;’B

)
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(25-12) Y, = —[2Asin(fx)] cos ot
(26-12) yr = A(x)cos at
(27-12) A(x) = ~2Asin(kx)
®
( ) A(x) = 2A

sin(kx) =1 = kx:(2n+l)% = 27”x=(2n+1)%

(28-12) x=(2n+1)§ n=0,1,2,...

L o4 34 4
47474

.(crest) 2A

sinkkx)=0 =>kx=nz = 27ﬂx:n7r

(29-12) x=nl| n=01,23,..

o2t 2t o
2 2

(8-12) .(node)

(8-12)
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(Resonance) 8-12

(30-12) L=(n+1)g, n=0,1,2,3,...

.n (9-12)

(31-12) A=Z

(30-12)

31/2

31/2

44/2
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v —_
(32-12) fu=n+Dor =012,
L
(32-12)
(32- ( )
12)
v
(33-12) f, = 2L
(32-12) (fundamental frequency)
(34-12) fo=n+1)f;
f>  (first harmonics) fi (harmonics) Jn
(second harmonics)
4-12
20 g ()
() 20 N
150 Hz
U:\/z:\/ :\/ Z(LN =31.6 m/s
uo \(m/l) \(20x107)/(1 m)
f.=(n+ 1)% = (n+1)(15.8 Hz)
£=47.4 Hz fi=31.6 Hz £=15.8 Hz
.f3=63.2 Hz
150 Hz ()
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31.6 m/s

L:(n+l)%:(n+1)( )= (n +1)(10.5 cm)

150 s™
( ) n=8
.94.8 cm
2
(35-12) L=(2n+1)% , n=0,1,2,...
!
(36-12) L=02n+1)-2
4f
v
37-12 -@2n+1)=| , n=0,1,2,...
(37-12) fo=n+) n

L

L=l/4
/<i::::: (38-12)  f, =2

L=51/4<>< (39-12)  f.=(n+1)f, , n=0,12,...

(10-12)

(10-12)
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10-12

(Sound) 9-12
(17-12)

(40-12) v [PRT

M
T R=8.314 J/mol.K R 14

V P M
n

nM
41-12 =—
( ) P==

(1 atm)
.340 m/s (20 °C)
(Sound Intensity & Intensity level) 10-12
1

(42-12) =2

A

.W/m?2
20,000 Hz 20 Hz
I 1W/m2 10712 W/m?2
(intensity level)
1
(43-12) £ =10 10g1o(1_)
0
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(44-12)

313

.(dB)

140 dB \:--&_ ;

100 dB

90 dB

-
I
I =
" 4zr?
(11-12)

(Bel)

(11-12)
125 dB
¢
\\\.
115 dB
15

85 dB




11-12

5-12
1 mW
Sm
(44-12) 5m
A=27r*=27(5 m)* =157 m?
I=p/A=(1mW)/(157 m*)=6.37 yW/m’
(43-12)
-6
p= IOIOglo(i) = 1010g10(6'37—>51120) =68 dB
1, 10
|
11-12
L )
L= /4 1(12-12) -1
L=31/4
L=51/4
(45-12) L :(n+1)§
(12-12)
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(46-12)

(47-12)

(48-12)

v
=(n+1)— R n=0,1,2,...
fu=( )2L

fo _Q_L
fn:(n+1)f0 P n=0,1,2,...
(13-12)

(13-12)
(50-12)
(51-12)
(52-12)
(
. f, =680 Hz

315

v
=2n+1)— R n=0,1,2,...
fu=( )4L
v
oz
fo=@n+1f, , n=0,12,..
6-12
)1m
fo=L=340m/S=17OHz
2L 2(1 m)

f,=510Hz f, =340 Hz




12-12

(Beats) 12-12

Yy, =Asinwt

Y, = Asinam,t

Yr =Y, +Y, = Asinot + Asinw,t

(2} -1-602

(53-12) y, = 2Asin( t)cos(: ;“’2 )

(63-12) w—-0,=Ao o +0,=20 =0, =0
yr =[2A cos(A—Qw t)]sin wt
(54-12) Yy, = A(t)sinwt

(55-12) Aa)zzAcosﬁgﬂm

.(14-12)
(14-12)

(beat frequency) Awf2

(56_12) Opear = O — O
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2% .300 Hz
focvocﬁ
L: L: fl.OQT _1.01
1 T, 1.0T

f,=1.01x300=2303 Hz

fbeat :-fl_fQ :3 HZ

(Doppler’s Effect)

.(15-12) f

AM=1-v,T=vT-v,T=@v-v,)T

(15-12) Jsa&l

A=A+vT=vT+v.T=@v+v,)T
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7-12

13-12

x=vsT




13-12

(58-12)

(59-12)

(60-12)

(61-12)

fzfz(vﬂjs)f
UL
vV'=v+uy,
A
,_v_’=v+vL
f A )
, U+U
fr=—"f
v
, V-V
fr==*f
V=7
f'==—3f
UF U,
8-12
1000 Hz
20 m/s
340 m/s
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319

20 m/s
(61-12)

, U+U 340+ 20
f=—=

v -, 340-20

)f = J1000

. f'=1125 Hz

y, = Asin(wt — kx)
k=2z/2
A=vT
Ap =2n7n
Agp=(2n+1)(z/2)
v=yT/p
o= yRT/M
Yr =[2Acos(¢/2)]sin(wt —Fkx — ¢ /2)
Ax=(2n+1)(1/4)
Ax=nl/2
fo=n+1v/2L)
fo=(n+)@/2L)
B =10log,,(I/1,)
I =1/4nr’
f.=(n+1)w/2L)
f.=@n+1@/4L)

a)beat = a)l - (02




88s 120 m

740 km/h (tidal waves)
8000 km
Yy y=6cos(4t+20x+7/3)
2 cm 6 m/s 1.2 m
()
20,000 20
(1490 m/s 340 m/s
C 60 Hz C
3x10* m/s

.700 nm 400 nm

.10 m/s 2 cm 60 Hz
.t=0
t Yy Yy =sin(6.28x + 314t)
() ()
Sg 70 cm
900 N 100 g 7 m
110N 700 g 10 m

1-12

2-12
.300 km

3-12

4-12

() .t=0

5-12

6-12

7-12

8-12

9-12

0.

() 10-12
() 500N

11-12
12-12

320



z/3
3 cm
( ) #/2 4 cm
y Yy, = b6cos(rx+4rt) y, =6cos(rx—4rt)
() 0 -
d S S
(
(16-12)
s
(16-12) (17-12) h
A x h d
(17-12) 1 m
968 N
60 Hz 3 m
4 mm 3m
SO0m/s
Yy = 5sin(25x)cos(5t)
() - t

()
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13-12

14-12

15-12

16-12

17-12

htx

() 18-12
Sg

()
19-12

20-12

21-12



160 g 4 m 22-12
400 N

.340 m/s 38-23
10 m 23-12

24-12

7.5m 25-12

102 W/m®> 107° W/m? 26-12

30dB 10 dB 27-12

.3dB 28-12
70dB 90 dB 29-12

() .200 Hz 17 m/s 30-12

() ()
()

17m/s 31-12

80 m/s 32-12
() .200 Hz

33-12

80 m/s 80 m/s
.200 Hz 80 m/s 34-12

322



.200 Hz 80 m/s

3 rev/min 1m

km/s

35-12

36-12

.200 Hz

196 Hz 30 cm

262 Hz 247 Hz 220 Hz
360 N 4x107 kg/m3
() .450 Hz

2358 1834 Hz 1310 Hz

() ()

440 N lg
18 cm

40 MHz

2.0 GHz

323

0.5 m

.39.958 MHz

37-12

38-12

39-12
375 Hz

40-12
() .Hz
41-12

42-12

90 ms
1.54 km/s
43-12
.293 Hz



